
composed primarily of the lower Pacific Ocean component,
though some North Atlantic Deep Water may be present.

(2) South of the midocean ridge is the cold eastward flow-
ing northern limb of the Weddell gyre. To its south the
water becomes warmer as the southern gyre limb is reached.
Attenuation of the northern limb characteristics between
the two long lines of CTD stations (figure 2) suggests signifi-
cant infiltration of "open ocean" deep water from the north.
The characteristics of the Weddell gyre change abruptly at
the longitude of Maud Rise (2°E.), suggesting that the core
of the cyclonic recirculation segment may be confined to the
region west of Maud Rise.

(3) At 67°S. 7.5°W. an important eddy was encountered.
A 12-hour survey showed the eddy to have a radius of 14
kilometers (slightly larger than the local Rossby Radius of
Deformation) and to have an associated vigorous cyclonic
circulation (1 to 1.5 knots), as measured by ship's drift (con-
ditions were windless and flat calm). There was a nearly
total lack of the usual stratification layers, namely the cold
winter water and warm-saline-low-oxygen deep water. The
eddy appears as a cold core of water to at least 3,500 meters,
pronounced in all parameters. The low stability of the water
in the eddy core and its similarity to a low salinity-high oxy-
gen intrusion observed between the -0.10  to -0.40C
isotherms in the central Weddell gyre suggests the presence
of open ocean deep convection. Perhaps the continental
margins may not be the only means of deep-to-bottom con-
vection in the southern ocean.

Geology. Forty-seven piston and trigger cores were at-
tempted, with recovery of 44 piston cores and 31 trigger
cores. Calm weather, experienced technical aid, and the
thick sediment cover characteristic of the Atlantic-Antarctic
Basin yielded a total core length of 526 meters, over half of
which was produced by three-pipe cores.

Lithologies ranged from calcareous miniferal, diatom,
and foraminiferal oozes to coarse sand, pelagic mud, and
red clay. A sharp transition from pelagic to terrigenous
sediments was found in the longitude of Maud Rise (pelagic
to east), which may be indirectly related to the differing
water structure on either side of the Rise.

Geophysics. The geophysical objectives were to study the
Queen Maud Land coastal area and to determine the mag-
netic anomaly lineation and the basement depth of the
Weddell Basin. These are preliminary steps toward deter-
mining the evolution of the Atlantic-Antarctic Basin since
the breakup of Gondwanaland. A gravity survey of the
Atlantic-Antarctic Basin also was done since virtually no
marine gravity data exist for the region.

Continuous underway magnetic, bathymetric, gravimet-
nc, and seismic data were gathered over the track indicated
in figure 1. The gravimeter was a Graf Askania GSS-2
marine gravimeter mounted on an Anschutz gyrostabilized
platform. The cross coupling error was removed using an
analog computer. The seismic system used a 40-cubic-inch
Bolt type airgun and a 48-element single channel seismic ar-
ray. Precision depth records were taken at 3.5 and 12
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ARA Islas Orcadas left Buenos Aires 0905 27 October and
arrived off Cape Town the evening of 19 December 1976.
The ship steamed 7,300 nautical miles in 53 days with 4,800
miles being expended on the common track, 1,600 miles on

the detailed geophysical survey and the last 900 miles on sta-
tion (figure 1). We stopped 95 times and attempted three
salinity- temperature-depth (STD), 53 conductivity-
temperature-depth (cTD), 50 coring, and 15 dredge stations
(table). We averaged 180 miles per day with a loss of 3 days
relative to our original program due to bad weather. The
weather on the first part of the cruise and close to the ice was
better than expected. On the trip to Cape Town it was much
worse than we had anticipated. This bad weather south of
Cape Town severely curtailed our CTD program north of
45°S. Fortunately the stations lost on this cruise were made
up on the following cruise.

Geophysics. The geophysical survey commenced around
5'E with a series of short lines parallel and at right angles to
the expected N45 *W trend of the Africa/ Antarctica
spreading center. With these lines we were able to delineate
the posiiton of four spreading centers offset by four
transform faults (figure 2). One of the faults was named
after the ship and the other three after famous African
chiefs, Moshesh, Shaka, and Dingane. The Islas Orcadas
and Shaka transform faults were marked by 3-kilometer-
deep narrow gashes in the ocean crust. Respectively they off-
set the ridge axis 150 and 300 kilometers. Our line back to
Cape Town showed that the Shaka extended as an inactive
feature at least another 200 kilometers. In our detailed
survey around the Islas Orcadas Fracture Zone we dis-
covered a major ridge and a very prominent seamount either
side of the spreading just west of the fracture zone.
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Figure 1. Islas Orcadas
cruise 11: ship track with
station locations. All
bathymetric contours are

the 4,000-meter isobath.

WW

kilohertz. A proton precession magnetometer also was used.
Following are conclusions based on preliminary analysis of
the geophysical data.

(1) The central Weddell Basin has a lineated magnetic
anomaly sequence (figure 1). The magnetic anomaly linea-
tions strike at approximately 3300. The depth to basement
corrected for sediment loading suggests that the surveyed
area was formed during the Cretaceous. The strike of the
lineation direction is perpendicular to that of the western
margin of Queen Maud Land, suggesting that the margin
was a transcurrent fault during the breakup of Gond-
wanaland.

(2) Seismic records taken in the Weddell Basin show a
finely laminated reflector sequence with no apparent change
in reflector characteristics until acoustic basement. These
records suggest that turbidite deposition dominates the
basin's sedimentary history. This conclusion is supported by
preliminary analysis of core data. To the north and east of
Maud Rise the sediments appear to be largely current-
drifted, acoustically transparent sediments of probably
pelagic origin with accumulations of less than one-half sec-
ond. The topographic relief of the Maud Rise probably has
a significant effect on the sedimentation of the region by
directing the flow of terrigenous sediment from the Queen
Maud Land coast to the Weddell Basin.

(3) Large magnetic anomalies (1,000 gammas amplitude)
observed over the Maud Rise suggest that the rise is com-
posed of largely simatic type crust. Therefore, the Maud

Rise may represent either a portion of upwarped oceanic
crust or the site of extensive extrusion of basaltic magma.
The domed morphology of the rise suggests that the latter
hypothesis is more likely. Further analysis awaits reduction
of the acquired gravity data.

(4) A very large negative gravity anomaly (100 mgal) was
observed across the North Scotia Ridge and Malvinas Chasm
(- 100 mgal) though not across the South Scotia Ridge. The
anomaly suggests the possibility of vertical plate deforma-
tion along the boundary between the Scotia Plate and the
South American Plate.

Other remarks. An iceberg 200 meters in length was
sighted that was half white and half bottle green (a green
iceberg is described in Antarctic Journal, June 1976). Its
position was 68 132'S. 28'29'W. on 16 February 1977. The
division of the green and white ice was extremely abrupt; no
blending was apparent. Because of logistics difficulties, no
samples were taken.

The cruise succeeded in gathering high quality data in a
remote area. This difficult task was accomplished through
cooperative work of Argentine and U.S. participants.

We gratefully acknowledge the aid of the ship's Argentine
navy officers and crew in making this work possible and pro-
viding a comfortable life aboard the ship. Special thanks are
given to the science officers Roberto Parodi, Edwardo
Rodriguez, and Arturo Concela, and to the ship's com-
mandante, Don Eduardo Gaston Lestrade.
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Figure 2. Islas Orcadas
cruise 11 dredging and
primary geophysical area
(insert area of figure 1):
ship track and locations of
stations 42 through 81.

Bathymetry in meters.

Other geophysical work carried out during the cruise 11
included a survey of the south Georgia Rise, an east-west
gravity and topographic crossing of the Scotia trench, and
the collection of routine seismic reflection, gravity,
magnetic and topographic information along track.

Dredging. We attempted 15 dredges: six on the Conrad
Fracture Zone, eight on the Islas Orcadas Fracture Zone,
and one on the crest of the Africa-Antarctica rise near 11 °E.
A total of 730 kilograms of rock were recovered. A pinger
was used 250 fathoms above the dredge for section dredging
of the fracture zone walls.

Two of six dredges at the Conrad Fracture Zone recovered
rock other than glacial erratics from the upper portion of
the north wall of the Conrad Fracture Zone. Both contained
aphyric and plagioclase and olivine phyric basalts and
aphyric and plagioclase phyric fine-grained diabase. Many
of the diabases appeared to have been altered to the lower
greenschist facies. In addition several diabase-diabase con-
tacts and fragments of baked weathered basalt were
recovered. The dredge taken near the top of the wall con-
tained much more weathered and manganese encrusted
material and many more glacial erratics than that taken
lower down.

A total of 440 kilograms of harzburgite was recovered in
four successful dredges from the southeast wall, and 25
kilograms of basalt was collected in one successful dredge
from the northwest wall of the Islas Orcadas Fracture Zone.
The dredges from the 2.5-kilometer-high southeast wall
were spaced at even intervals from the top to the bottom.
The basalts consisted of aphyric and plagioclase and olivine
phyric varieties and a few clinopyroxene phyric samples. It
appears that while the northwest wall contains basalts
similar to those extruded at ridge crests the southeast wall
consists entirely of harzburgité of fairly uniform composi-

tion. Such a great thickness of periodite of uniform composi-
tion must represent upper mantle material along a fracture
zone.

One successful dredge was taken at the ridge crest near
11 °E containing 5 kilograms of aphyric fresh pillow basalt
fragments.

Physical oceanography. The objectives were to obtain a
trans-Atlantic hydro-chemical section to enable the study of
Antarctic Bottom Water (AABW) outflow from the Weddell
Sea and the addition of North Atlantic Deep Water (NADW)
to Circumpolar Deep Water (cDw) in the South Atlantic.

New equipment brought to the ship included a Neil
Brown conductivity-temperature-depth and dissolved oxy-
gen (cTD/02 ) probe, a Hewlett Packard minicomputer
system, and a 24-bottle surface activated water sampling
system.

After overcoming initial problems the equipment worked
well, and we were able to obtain 52 CTD/0 2 stations and col-
lect more than 1000 water samples. The water samples were
analyzed aboard ship for silicate and phosphate content and
provided calibration data for the CTD/0 2 probe. Eight sta-
tions were obtained in the Argentine Basin that clearly show
the presence of NADW. Five CTD stations were taken within
the South Sandwich Trench to detail AABW flow activity.
Thirteen stations were obtained between 28°W. and 2°E.
along 56°S. These stations have revealed a variety of deep
water mixing between CDW and the Weddell deep waters.
Between 58°S. 9E. and Cape Town 25 stations were taken as
part of a north-south section, the southern half which was
completed during the second leg of the cruise. A series of
closely spaced stations revealed a very narrow polar front
zone at between 49° and 50°S. North of the polar front we
crossed the subtropical convergence and the Agulhas cur-
rent system.
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Coring. The coring program had three objectives: (1) to
explore for and sample older (pre-Pliocene) sediments along
the northeast flank of the Maurice Ewing Bank (eastern
Falkland Plateau) and on the Northeast Georgia Rise in
order to elucidate the geologic history of these features, (2)
to extend the circumpolar bottom sediment survey into the
southeast Atlantic sector of the southern ocean, and (3) to
obtain closely spaced cores on a north-south transect
beneath the polar front in order to study the late Neogene
history of this important oceanographic feature. Core sta-
tions beneath the polar front were taken in conjunction with
physical oceanographic stations to provide optimum in-
tegration of modern sediment and hydrologic data.

Fifty piston and trigger cores were taken; sediment was
recovered from 45 piston and 18 trigger cores. Four of the
piston cores were presented to the shipboard representative
of the Argentine Museum of Natural Science. Piston core
sediment recovery totaled 443.27 meters (average 8.93
meters per core) and trigger core recovery was 7.40 meters
(average 14.8 centimeters per core). Lithologies sampled
ranged from calcareous nanofossil ooze, diatom ooze,
foraminiferal ooze, and red clay to sands, gravels, glacial
marine clastics, volcanic ash, and oceanic basalt. The
siliceous microfossils in core catcher samples were age-dated
aboard ship using available microscopic equipment. Core
data will be available from the Department of Geology,
Florida State University, Tallahassee, Florida 32306.

Of six cores taken on the Maurice Ewing Bank, four
penetrated to older sediments ranging from Eocene to
Miocene in age. This suite of cores complements a series of
22 cores taken on Islas Orcadas cruise 7 and adds important
new information concerning the depositional and erosional
history of the Falkland Plateau. Nine cores across the north-
east Georgia Rise recovered Plio- Pleistocene sediment, but
did not penetrate into older units which seismic profile
records show exposed just beneath 'lative thin mantle
of glacial marine sediments and oo

Thirteen cores were taken at hydrographic stations or
during geophysical surveying in the Malvinas Outer Basin,
the South Sandwich Island Arc, and along the easterly track
from the South Sandwich Trench to 8°W. longitude. The
final 21 cores were taken at 30' to 45' intervals along a
north-northeast track from 58 0 to 45°S., which passed
across the African-Antarctic midocean ridge and the polar
front at 50 0 -49 0S. Examination of core top samples in-
dicates that existing sediment facies maps for the area need
revision. Basaltic ocean crust was apparently sampled by
one and possibly two of the cores taken adjacent to the ridge
axis. Although core density along the transect was limited by
bad weather and mechanical problems, the transect pro-
vides the most detailed sampling yet available for study of
the sedimentological facies of the region, their relationship
to bottom topography and, through time, the paleoposition
of the polar front.
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The few older (pre-Pliocene) cores in the Eltanin collec-
tion were taken primarily along the flanks of intermediate
depth aseismic features such as the Kerguelen Plateau and
the Naturaliste Plateau (examples, see Kaharoeddin,
Weaver and Wise, 1973; Quilty, 1973; Constans and Wise,
1974). These cores have been important in reconstructing
the geologic history of these regions. In some cases they have
allowed important seismic reflectors to be dated (such as a
mid-Cretaceous reflector on the Kerguelen Plateau). In
other cases, they provide the only direct evidence of the
character and age of the sediment and microfossils
assemblages present, thereby shedding light on the paleoen-
vironmental history of the region.

Due to the unusual value of these older cores, an effort has
been made during planning of the Islas Orcadas cruises to
survey the several prominent intermediate depth aseismic
features that lie in the South Atlantic sector of the southern
ocean. These efforts have yielded 22 older cores, one of
which is of Cretaceous age, the third Mesozoic core taken
since the circumantarctic sediment survey began in 1963.
Islas Orcadas core 07-75-44 was taken 60 kilometers north -
east of DSDP drill site 327 on the eastern Falkland Plateau
(figure 1). A stratigraphic and paleoenvironmental analysis
of this core and a comparison with similar aged material
from DSDP hole 327A is given by Ciesielski et al. (1977). A
summary of that paper follows.

Islas Orcadas core 07-75-44 penetrated Campanian-
Maestrichtian carbonate ooze and chert (figure 2). Despite
its relatively close proximity to DSDP site 327, a significant
change in the planktic faunas and floras (particularly the
nannofloras), believed to be temperature dependent, is
noted between the two sites. Noted in particular is a sharp
reduction in the numbers of the planktic foraminifera
species Globotruncana arca (Cushman) going from north to
south across the Plateau. Similarly, at DSDP site 327 the
tropical coccolith species Biscutum constans (Gorka) (com-
mon at the more northerly site) is replaced by the species
Biscutum magnum Wind and Wise and B. coronum Wind
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